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35476 47829�: ; < =5478 3>=5?�; : @>A7B : ; < =C4 ;CD E5; 6 : 6 F56 G HIE5:7J5KLE5E M

9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
1 Geometry

- Chip size is 7.4 x 11 mm2 with 18 x 160 pixels of 50 x 400 µm2

- This chip size leaves a gap of 200 µm between two adjacent
chips on the module -> no flipchip problems

- No active components are placed within 100 µm from the scribe
line

- The pixels are arranged in 9 ‘column pairs’ with pairs of pixels
- pixels are mirrored horizontally within columnpair
- layout of upper left chip corner:
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9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
2 IO pads

- All 48 IO pads are located at the bottom with a pitch of 150 µm
- Every IO pad has also 4 bumps in a pitch of 75 µm for use in

MCMD assemblies
- layout shows lower right corner of chip:

- All IO pads have protection circuits as recommended by CEA
(NMOS diodes to VDDD and GNDD)

- 4 different types of IO pads are used:
- Analog pad (current bias IOs, reference monitoring)
- CMOS input with pullup (slow control)
- ‘LVDS‘ input (40 MHz XCK, LV1, SYNC, STROBE)
- ‘LVDS’ output with 500uA output current (Data out, Hitbus)



35476 47829�: ; < =5478 3>=5?�; : @>A7B : ; < =C4 ;CD E5; 6 : 6 F56 G HIE5:7J5KLE5E [

9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
Chip pins

- All chip pins are shown here
- The 5 global supplies have 2 pins each
- Many of these pins are for chip testing and are not connected on

the pixel module
- 20 Signals should be enough needed in final module
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35476 47829�: ; < =5478 3>=5?�; : @>A7B : ; < =C4 ;CD E5; 6 : 6 F56 G HIE5:7J5KLE5E X7`

9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ

1 Purpose, specification
- logic in every pixel to control injection, masking and 3 tune bits

(5 bits total)
- provide fast OR of pixel hits by pulling low vertical ‘hitbus’
- use Metal 2 for shielding -> layout must be done in Metal 1 only

2 Implementation
- use conservative two phase shift register chain to select pixel
- use 4 static latches to load mask bit and 3 tune bits
- use annular NMOS with low Cgd to pull down hitbus

3 Performance
- identical schematic works in FEA and FEC

Schematic of pixel control section:



35476 47829�: ; < =5478 3>=5?�; : @>A7B : ; < =C4 ;CD E5; 6 : 6 F56 G HIE5:7J5KLE5E X X

9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
Latch in pixel control section:

Shift register in pixel control section:

- uncomplete first stage to save area -> register is dynamic during
half clock period. Clock speed is 5 MHz. The two phase clock
generator guarantees that the static position is default.

- inverse clocks are generated in pixel to reduce bussing
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9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
Layout of control section for 2 pixels

- height: 100 µm, width: 90 µm
- metal 2 is used only for supplies
- 10 lines go to analog part (left): 2 x (hit_in, inject, trim<2:0>)
- 2 lines to readout part (right): (2 x hit_out)
- anular NMOS is used for hitbus



35476 47829�: ; < =5478 3>=5?�; : @>A7B : ; < =C4 ;CD E5; 6 : 6 F56 G HIE5:7J5KLE5E X T

9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ

1 Purpose, specification
- regenerate signal of vertical hitbus in every column and pass

signal to horizontal hitbus (reduce capacitive load of net)
- provide possibility to switch off hitbus in columnpair (in case it is

stuck in that pair)
- provide possibility to bypass to control shift register in the

columnpair (in case it is interupted)
- Use same enable signal for both functions and use this signal

also to remove this columnpair form data readout

2 Circuit realization

3 Verification
- circuit is checked in global simulation
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Schematic of one bit cell

Layout of one bit cell

- uses only metal 1
- size is 20 µm x 30 µm
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9�NCOP8 4 Q>: 4 RIGSMSTVU 9V4 W5FCA78 ?YX ZSZSZ
Principle of voltage generation

- Output voltage is referenced to analog supply

Layout of resistor string and pass gates
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Schematic of injection circuit

Voltage output for various currents



��� �� �
� � � �	 
��
� � ���
�����

� �� ���
� � �� ��

�� ����
�� � � �� ��
� ���� � �
� �� �
�� ���

	 

Va

ria
tio

n 
of

 a
bs

ol
ut

 v
al

ue
s 

of
 re

si
st

or
s 

in
 in

je
ct

io
n 

an
d 

re
fe

re
nc

e:



��� �� �
� � � �	 
��
� � ���
�����

� �� ���
� � �� ��

�� ����
�� � � �� ��
� ���� � �
� �� �
�� ���

	a

o+ $
+ *1

-
M

os
t g

lo
ba

l c
on

tro
l b

lo
ck

s 
ar

e 
re

ad
y:

 S
ch

em
at

ic
s 

ar
e 

si
m

ul
at

ed
 a

nd
 la

yo
ut

 is
 d

on
e

-
‘R

ai
l’ 

sy
st

em
 is

t u
se

d 
to

 e
as

ily
 re

ar
ra

ng
e 

bl
oc

ks
 in

 fi
na

l f
lo

or
pl

an
-

Fl
oo

rp
la

nn
in

g 
is

 d
on

e 
an

d 
la

yo
ut

 p
ie

ce
s 

ar
e 

fil
le

d 
in

.
-

M
ac

ro
 L

V
S

 s
im

pl
ifi

es
 v

er
ifi

ca
tio

n 
in

 fi
na

l l
ay

ou
t p

ha
se

 (s
ee

 ta
lk

 G
. C

om
es

)
-

S
om

e 
bl

oc
ks

 s
til

l n
ee

d 
la

yo
ut

 (H
itb

us
, D

A
C

, V
TH

 &
 V

C
C

D
 g

en
er

at
or

s,
 ..

.)
-

In
je

ct
io

n 
ci

rc
ui

t s
til

l n
ee

ds
 a

na
lo

g 
si

m
ul

at
io

n

-
Fo

r V
er

ilo
g 

si
m

ul
at

io
n 

st
ra

te
gy

 a
nd

 re
su

lts
 s

ee
 ta

lk
 o

f M
. A

ck
er

s



��� �� �
� � � �	 
��
� � ���
�����

� �� ���
� � �� ��

�� ����
�� � � �� ��
� ���� � �
� �� �
�� ���

	\



��� �� �
� � � �	 
��
� � ���
�����

� �� ���
� � �� ��

�� ����
�� � � �� ��
� ���� � �
� �� �
�� ���

	]



��� �� �
� � � �	 
��
� � ���
�����

� �� ���
� � �� ��

�� ����
�� � � �� ��
� ���� � �
� �� �
�� ���

	^


